Objective: The presence of YKL-40 (human cartilage glycoprotein 39) in synovium, cartilage and synovial fluid (SF) from knee joints of patients with rheumatoid arthritis and osteoarthritis (OA) were related to histopathological changes in synovium and cartilage and to serum YKL-40 and other biochemical markers.
Introduction
YKL-40*, also called human cartilage glycoprotein-39 (HC gp-39) 1 , is a mammalian member of family 18 glycosyl hydrolases [1] [2] [3] [4] [5] [6] [7] [8] and has a known gene sequence 7 . YKL-40
is a heparin and chitin-binding lectin 4, 8 without chitinase activity 1, 5, 8 . The physiological function of YKL-40 is unknown, but the protein contains several DR4 peptide binding motifs and may be a target of the immune response in rheumatoid arthritis (RA) 9 . Several cells present in the arthritic joint can secrete YKL-40. It is one of the most abundant proteins secreted in vitro by chondrocytes 1, 5 and synovial cells 2 from patients with RA. We have recently reported a high number of YKL-40 positive chondrocytes in articular cartilage from the hip joint of patients with osteoarthritis (OA) 10 . YKL-40 positive chondrocytes were in particular located in the superficial and middle layer of the cartilage and especially in areas of the joint with a considerable biomechanical load. Chondrocytes from normal cartilage were mainly YKL-40 negative 10 . Another recent study 11 demonstrated by in-situ hybridization the same zonal distribution of YKL-40 (HC gp-39) in osteoarthritic cartilage, as well as the absence of the protein in normal cartilage. YKL-40 expression by osteophytic tissue in end stage osteoblasts and by primary osteocytes from osteoarthritic patients was also reported 11 . YKL-40 is not produced by normal monocytes but is secreted by differentiated and activated human macrophages in many different tissues [6] [7] [8] 12, 13 , including inflamed synovium from patients with active RA 6 . Furthermore, YKL-40 is present in the specific granules of neutrophils and is exocytosed by activation 14 . YKL-40 in serum and synovial fluid can be measured by radioimmunoassay (RIA) 3 or enzyme linked immunosorbent assay (ELISA) 15 . Increased levels of YKL-40 in serum and synovial fluid are found in patients with active RA 3, [15] [16] or severe knee OA 17 compared to normal subjects 17 . A correlation exits between the level of YKL-40 in serum and synovial fluid with approximately 10-fold higher values in synovial fluid 3, 17 . The object of the present study was to elucidate a possible involvement of YKL-40 in the pathophysiology of RA and OA as well as the role of YKL-40 as a marker of disease activity. The presence of YKL-40 in the synovial membrane and articular cartilage was examined by immunohistochemical methods, and the YKL-40 concentrations in synovial fluid and serum were examined by immunoassays (RIA and ELISA) in patients with RA and OA. We related the YKL-40 findings with histopathological changes in the synovial membrane and articular cartilage, with the synovial membrane and the joint effusion volumes [determined by magnetic resonance imaging (MRI)] and with biochemical markers of inflammation, neutrophil activation and cartilage metabolism.
Patients and methods
The investigation included a cross-sectional and a longitudinal study. The knee joint was used as a model and dominating knee joint involvement was an inclusion criteria. The research protocols were approved by the Ethics Committee for Medical Research in Copenhagen. In accordance with the Helsinki Declaration II each patient was informed about the study verbally and in writing, and all gave their written consent.
CROSS SECTIONAL STUDY
Twenty patients with RA and 39 patients with OA were included. The patients were scheduled to undergo total knee joint replacement [RA (N=13) and OA (N=39)] or arthroscopic synovectomy of the knee joints [RA (N=7)]. The patients fulfilled the American College of Rheumatology 1987 classification criteria for RA 19 or the ACR 1986 classification criteria for idiopathic OA of the knee 20 . Patients with malignant disease or elevated liver enzymes were not included. Seven of the patients with RA were treated with slow-acting antirheumatic drugs (DMARDs) [methotrexate (N=2), sulfasalazine (N=4), penicillamine (N=1)], either as the only treatment (N=4), in combination with non-steroidal antiinflammatory drugs (NSAIDs) (N=1), or in combination with low dose oral prednisolone (N=2). Low dose oral prednisolone (1.25-10.0 mg/day) was given as the only treatment in six patients, and given in combination with NSAID in three patients. Twelve patients were treated with NSAID alone [RA (N=1) and OA (N=11)]. Three patients with RA did not receive any kind of antirheumatic medicine. Just prior to surgery a clinical examination and blood samples were performed. In case of joint effusion synovial fluid was aspirated by the surgeon when the operation was initiated. Variable amounts of synovial fluid were collected dependent upon the amount available in the joint and the degree of waste in connection with the collection. Thirty-one of these patients underwent a MRI determination of the knee joint and were included in a project investigating MRI determination of synovial membrane and joint effusion volumes in relation to signs of synovial inflammation 21 .
LONGITUDINAL STUDY
Eighteen patients with RA according to the ACR 1987 classification criteria 19 and clinical signs of knee joint synovitis (15 females and three males) were included. Median disease duration was 5.5 years (range 0.3-36 years) and duration of knee symptoms was 0.6 years (range 0.1-7 years). The patients had a clinical indication for arthrocentesis and intraarticular corticosteroid injection. During arthrocentesis, as much synovial fluid as possible was aspirated, and 80 mg methylprednisolone acetate (2 ml, 40 mg/ml) plus 6 ml lidocaine 0.5% (lidocaine hydrochloride 5 mg/ml) were injected into the knee joint. Serum samples were collected just prior to corticosteroid injection and after 1, 7, 14, 30, 60, 90 and 180 days. Seven patients received continuous therapy with low-dose oral prednisolone (2.5-8.75 mg/day) in combination with DMARD (sulfasalazine (N=2) and methotrexate (N=1)) and NSAID (N=3), or with NSAID alone (N=2). Three of the patients were treated with DMARD [penicillamine (N=2) and sulfasalazine (N=1)] in combination with NSAID, eight patients received NSAID alone. No patients had received intraarticular glucocorticoid therapy within the last 4 weeks.
SYNOVIAL MEMBRANE BIOPSIES
From all patients included in the cross-sectional study, synovial biopsy specimens were obtained during surgery.
In patients who had a MRI determination of the synovial membrane and joint effusion volume performed, four preselected sites of the synovial membrane of the knee joint 21 were chosen. Patients, who did not have a MRI determination, had synovial membrane biopsies obtained from three different sites of the knee joint: (1) the lateral; (2) the medial; and (3) the suprapatellar recess. The surgeon selected these three biopsies to represent the overall degree of synovitis of the knee joint [assessed by edema, volume and vascularity (redness) of the synovial membrane]. The synovial biopsy specimens were immediately fixed in 10% neutral buffered formalin, pH 7.0 until the next day, dehydrated in graded mixtures of ethanol and water, immersed in xylene, paraffin embedded, cut at 5 m and stained with hematoxylin and eosin.
SYNOVIAL MEMBRANE AND JOINT EFFUSION VOLUMES DETERMINED BY MRI
MRI was performed using a 1.5-Tesla Magnetom (Siemens, Erlangen, Germany) equipped with a dedicated knee coil. Synovial membrane and joint effusion volumes were calculated from continuous pre-and post-gadolinium-DPTA (Shering, Berlin, Germany) T1-weighted transversal MR-images, by means of image processing software. The method is described in detail elsewhere 21 .
HISTOLOGICAL EVALUATION OF SYNOVIAL SPECIMENS
Synovial inflammatory activity was graded under blinded conditions by an experienced histopathologist. The grading 204 B. Volck: YKL-40 in arthritic knee joints of the inflammatory reaction was done as a general average of all of the synovial tissue from all the biopsies and was based upon a grading of the following nine parameters and described in details elsewhere 21 :
(1) subsynovial infiltration of polymorphonuclear leukocytes; (2) subsynovial infiltration of mononuclear leukocytes; (3) surface fibrin deposition; (4) multiplication of the synovial lining; (5) villous hypertrophy of the synovial surface; (6) proliferation of blood vessels; (7) perivascular edema; (8) formation of granulation tissue; and (9) fibrosis.
Each of the nine parameters was graded as 0 (none), 1 (mild), 2 (moderate), or 3 (severe), and an 'average grade' for each parameter was calculated as the average of the grading of the collected biopsies from each knee. Based upon a total score for each knee joint achieved from the average score for all of the nine parameters considered, the knees were divided into two groups: 'None/slight' synovial inflammation (N=40) included knees with an average grade ≤1 for all signs of inflammatory activity considered; and 'moderate/severe' synovial inflammation (N=19) included knees with an average grade >1 for all signs of inflammatory activity considered.
IMMUNOHISTOCHEMICAL STAINING FOR YKL-40 ANTIGEN IN SYNOVIAL MEMBRANE
Alkaline phosphatase staining technique for polyclonal antibodies was used and included the following steps (all performed at room temperature and separated by washes in TBS). Non-specific binding was inhibited by incubation for 20 min with 3% bovine serum albumin (BSA) (Sigma A-4503) in Tris buffered saline (TBS, 5 mM Tris-HCl, 146 mM NaCl, pH 7.4). This buffer was used for dilution of the different antibodies. Incubation for 30 min with an affinity-purified rabbit polyclonal immunoglobulin (IgG) against human YKL-40 (IgG concentration of the YKL-40 antibody was 33 g/mL). The human YKL-40 used for immunization of rabbits and for affinity purification of antibodies is described elsewhere 3 . The YKL-40 antibody used in these studies was purified from rabbit antiserum by affinity chromatography using a Sepharose support with covalently attached purified human YKL-40. The antibodies were eluted by 100 mM glycine (pH 2.5). Non-immune rabbit IgG (DAKO X0936, Copenhagen, Denmark) was used as negative control in the same IgG concentration (33 g/mL). Thereafter incubation for 30 min with alkaline phosphatase-conjugated swine antibodies to rabbit IgG (DAKO D0306, diluted 1:20 
ARTICULAR CARTILAGE BIOPSIES
Standardized samples of cartilage representing all aspects of the joint surfaces (femoral, tibial and patellar surface) of the knee were collected from up to 16 topographically different areas ( Fig. 1) from four of the patients with RA (mean age 63 years, range 34-74) and from four of the patients with OA (mean age 77 years, range 74-79) from the cross-sectional study. Only 58 biopsies from the patients with RA and 59 biopsies from the patients with OA were collected, because some areas of the joint surfaces contained only denuded bone. The cartilage samples were stored in cryovials at −80°C until immunohistochemical analysis.
HISTOLOGICAL EVALUATION OF CARTILAGE SPECIMENS
The cartilage sections were evaluated for the presence or absence of histopathological cartilage changes, including surface fibrillation/fissures and clusters/clones 22 .
IMMUNOHISTOCHEMICAL STAINING FOR YKL-40 ANTIGEN IN

CARTILAGE
Four micrometer cryostat cartilage sections were fixed with acetone at room temperature for 15 min. Avidin/ Osteoarthritis and Cartilage Vol. 9 No. 3 205 biotinylated horseradish peroxidase staining technique was used as described recently 10 . To assess if the accessibility of the YKL-40 epitope of the antibody was hindered by extracellular matrix interactions in the cartilage some of the sections were treated with either protease, 0.05% (type 14, Sigma P5147), trypsin, 0.1% (Sigma T8128) or hyaluronidase, 0.1% (Fluka 531712) for 10 min at 37°C prior to the immunohistochemical staining with an affinity-purified rabbit polyclonal antiserum against human YKL-40 (IgG concentration of 33 g/mL) followed by incubation with biotinylated swine antirabbit IgG (DAKO E0353, diluted 1:400). Antibody binding was visualized by a complex of avidin-biotinylated horseradish peroxidase (ABComplex/ HRP, DAKO K0355) and AEC (3-amino-9-ethylcarbazole) staining kit (SIGMA AEC101). Positive staining was a red color associated with the cytoplasm of the cell.
MICROSCOPIC EVALUATION OF IMMUNOHISTOCHEMICAL STAINING OF CARTILAGE SPECIMENS
Two of the sections [RA (N=1) and OA (N=1)] were not evaluated due to inadequate quality (tissue folds). The cartilage sections were examined blindly by two observers and scored for the presence of YKL-40 positive chondrocytes in a scale as follows: score 0=all chondrocytes negative; score 1=few chondrocytes positive (1-25% positive); score 2=considerable number of chondrocytes positive (25-75%); and score 3=most/all chondrocytes positive (75-100%).
BIOCHEMICAL ANALYSIS OF SERUM AND SYNOVIAL FLUID
Blood samples were allowed to clot at room temperature and then centrifuged at 2000 g for 10 min. Serum was either analysed immediately or stored at −80°C until analysis was performed. The synovial fluid samples were centrifuged at 2000 g for 10 min and the cell-free supernatants were stored at −80°C until analysis was performed. ESR in blood was determined by the Westergren method and serum CRP was determined with nephelometry. YKL-40 concentrations in synovial fluid and serum were determined by two different methods; an in-house RIA using polyclonal rabbit antibodies 3 and a commercial ELISA using both monoclonal and polyclonal antibodies (Metra Biosystems) 15 . The two assays and the normal YKL-40 levels in serum and synovial fluid are described in detail elsewhere 3, 15, 17 . The source of the YKL-40 antigen used for standards and production of antibodies in both methods were purified from the conditioned medium of the human osteosarcoma cell line MG63. However, the methods used to calibrate the standards were different. The concentration of the amino-terminal propeptide of type III procollagen was determined by RIA 23 . The concentrations in synovial fluid and serum of cartilage oligomeric matrix protein (COMP) and sulfated glucosaminoglycans (GAG) were determined by Wieslab (Lund, Sweden) 24, 25 . The concentrations in synovial fluid of myeloperoxidase 26 , lactoferrin 27 , neutrophil gelatinase associated lipocalin (NGAL) 28 and human cathelicidin (hCAP-18) 29 were determined by ELISA. Due to restricted amounts of serum and synovial fluid available, incomplete number of measurements occurred in some of the variables analysed.
CLINICAL JOINT ASSESSMENT
Clinical assessment of disease activity in the joints included assessment of joint swelling and tenderness. The knee joints as well as the total number of joints involved were registered. Clinical indication for arthrocentesis of the knee joint and subsequent intraarticular corticosteroid injection was determined by clinical signs of intraarticular fluid and of synovitis. Remission was defined by absence of synovial swelling and tenderness of the knee joint. Clinical relapse was defined by recurrence of joint swelling and tenderness.
STATISTICAL ANALYSIS
The statistical analysis was performed with SPSS ® (Statistical Package for the Social Science) Software. Results are given as median, range and ratios. Comparison between groups was performed by the non-parametric Mann-Whitney test or the Kruskal-Wallis test (and subsequent Dunn's method). Comparison between two related samples was performed by the Wilcoxon signed ranks test. Subsequent comparison between the consecutive changes over time was performed by regression analysis (random coefficient regression model) using the 'Ime' software by Pinheiro and Bates. Correlation analysis between the different parameters was calculated by the Spearman rho test. P-values less than 0.05 were considered significant.
Results
The clinical characteristics of the patients are shown in Table I . Patients with RA had more swollen joints, a higher histological score of synovial inflammation and a larger volume of synovial membrane of the knee joint (determined by MRI) than patients with OA. ESR, serum CRP, serum and synovial fluid YKL-40 and PIIINP were highest in patients with RA. Serum YKL-40 levels were higher in RA patients compared to healthy subjects (median 296 g/L vs 102 g/L, P<0.01) ( Table I ). No differences between the two groups of patients were found in the synovial fluid concentrations of COMP and GAG. However, serum Highest levels of YKL-40 in synovial fluid were found in knee joints from patients with RA and moderate to severe degree of synovial inflammation (median 6300 g/L) and the levels were higher (P=0.054) compared to patients with OA and moderate to severe synovial inflammation (3400 g/L) (Table II and Fig. 2 ). Patients with RA and none to slight synovial inflammation had higher levels of YKL-40 in synovial fluid compared to OA patients with none to slight synovitis (median 4200 g/L vs 2450 g/L, P=0.026). Similar results were found when the ELISA method was used to measure YKL-40. There was a trend towards higher SF YKL-40 levels in RA patients with moderate to severe synovial inflammation compared to those with none to slight synovitis; however, the difference was not significant (P=0.096). granules in neutrophils did not correlate statistically with the volume of the synovial membrane and joint effusion.
IMMUNOHISTOCHEMICAL STAINING OF YKL-40 IN ARTICULAR CARTILAGE IN RELATION TO HISTOPATHOLOGICAL CARTILAGE
CHANGES
All the arthritic cartilage sections had considerable histopathological changes, including surface fibrillation or fissures and/or clones or clusters. In the pannus-invaded cartilage [ Fig. 3(B) ] a prominent YKL-40 staining was shown in the cytoplasm of the different cells types present in the pannus, and the extracellular matrix also exhibited some staining [ Fig. 3(C) ]. We did not attempt to differentiate between the YKL-40 staining in the different cell types. The extracellular matrix in the underlying cartilage was YKL-40 negative around both YKL-40 positive and negative chondrocytes [ Fig. 3(C) ]. The cartilage from patients with RA exhibited frequently prominent fibrous pannus and clusters/clones [ Fig. 3(C) ] compared with cartilage from OA patients [ Fig. 3(D) ]. YKL-40 was found in the cytoplasm of the chondrocytes [ Fig. 3(E) ] but not in the extracellular matrix, except in areas of pannus-invaded cartilage. Treatment with protease, trypsin or hyaluronidase prior to the immunohistochemical staining did not reveal any overt additional YKL-40 staining of the extracellular cartilage matrix or in the chondrocytes. YKL-40 positive chondrocytes were observed in all layers of the cartilage. Most of the sections included non-intact residual cartilage with only the middle and/or the deep layer left, and no differences in the staining pattern between the different layers could be identified. Chondrocytes located in clusters/clones and in areas of excessive surface fibrillation showed a similar pattern of YKL-40 staining as found in isolated chondrocytes and chondrocytes in other areas of the same section. No difference was found between the YKL-40 staining pattern in articular cartilage in RA and OA patients. Most cartilage sections had a score of 1 (1-25% positive chondrocytes). Seven sections had a YKL-40 score of 2 (25-75% positive chondrocytes) (three sections from RA patients and four sections from OA patients), and no sections had a score of 3. Arthritic knees without YKL-40 staining in chondrocytes were not found. There was no difference in respect of topographic site in the knee joint and the YKL-40 staining (Table IV) .
IMMUNOHISTOCHEMICAL STAINING OF YKL-40 IN ARTICULAR CARTILAGE IN RELATION TO SYNOVIAL INFLAMMATION AND SYNOVIAL FLUID YKL-40 LEVELS
YKL-40 staining in chondrocytes from knees with moderate to severe synovial inflammation was similar to the YKL-40 staining in chondrocytes from knees with none to slight synovial inflammation. Two of the knees from which cartilage specimens were obtained were graded with moderate to severe synovial inflammation (both knees were from RA patients) and these knees had high SF YKL-40 levels (7830 and 13 800 g/L). Two knees were graded with no signs of synovial inflammation (both from OA patients) but the YKL-40 concentration in the synovial fluid was higher (1991 and 4200 g/L) than the level in normal knees (<1350 g/L). 17 
SYNOVIAL FLUID YKL-40 LEVELS IN RELATION TO BIOCHEMICAL MARKERS OF SYNOVIAL INFLAMMATION, CARTILAGE DEGRADATION AND ACTIVATED NEUTROPHILS
In patients with RA or OA, no significant correlation existed between SF levels of YKL-40 as compared with PIIINP, COMP, GAG or the markers of the specific granules in neutrophils. The concentrations of PIIINP, COMP, GAG, lactoferrin, NGAL and hCAP-18 (located to the specific granules as YKL-40) were not different in the synovial fluid from patients with moderate to severe synovial inflammation and patients with none to slight synovial inflammation (Table II) , neither in patients with RA nor OA. 
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To minimize the influence of variable amounts of synovial fluid present in the knee joints we also calculated the synovial fluid results as ratios. The median values of the ratios of YKL-40/COMP and YKL-40/GAG were significantly higher in RA knees with moderate to severe synovial inflammation (Table II) (Table I) (Table V) . However, when a separate test (random coefficient regression model) for an initial effect of glucocorticoid injection and for a trend in the subsequent development (taking into account a possible variation of these effects between persons), the initial effect of glucocorticoid was found to be significant (P=0.0018), but the subsequent trend with sustained decrease at day 7 and 14 with return to baseline at day 30 was non-significant (P=0.127). Eight patients had a clinical relapse during the next 6 months and these patients had an increase in serum YKL-40 at the time of relapse (350 g/L) compared with the previous value (224 g/L, P<0.05). Serum PIIINP was also decreased 1 day after glucocorticoid injection (Table V) . After 7 days the serum PIIINP concentrations were also significantly decreased, but after 14 days the values were not different from the baseline values. Significant decreases in serum CRP were seen at day 1, 7, and 14 and in ESR at day 7 and 14 after glucocorticoid injection (Table V) .
Discussion
The present study demonstrated high concentrations of YKL-40 in synovial fluid of the knee joint of patients with RA and OA. By immunohistochemical methods we demonstrated the presence of YKL-40 in synovial cells of the inflamed synovial membrane with a positive relation between the number of YKL-40 positive cells and the severity of the synovial inflammation. In addition, the MRIdetermined volume of the synovial membrane and joint effusion, an estimation of the degree of synovial inflammation, was also related to the levels of YKL-40 in synovial fluid. Others have reported that activated macrophages secrete YKL-40 in vitro [6] [7] [8] 12, 13 and in-situ hybridization studies have demonstrated YKL-40 expression in macrophages located in the synovial membrane of patients with RA 6 . Our demonstration of macrophage CD68 positive cells in the inflamed synovial membrane, also positive for YKL-40 antigen, is consistent with the macrophage as a source of secretion of YKL-40 into the synovial fluid. Furthermore, in RA patients a positive relation between the degree of synovial inflammation and the ratios of YKL-40/ COMP in synovial fluid was shown, with highest synovial fluid levels of YKL-40 in knees with the highest degree of synovial inflammation. The findings provide evidence that YKL-40 is released from the synovial membrane under pathophysiological conditions. However, the high amounts of YKL-40 detectable in the synovial fluid may also originate from other sources, including chondrocytes and activated neutrophils. In the articular cartilage from the arthritic knee joints YKL-40 was discovered in the cytoplasm of the chondrocytes, in accordance with two recent studies on cartilage from osteoarthritic hip joints 10, 11 . It is known that chondrocytes secrete YKL-40 in vitro 1, 5 , and one would expect to find YKL-40 in the articular extracellular matrix. However, YKL-40 staining in the extracellular matrix of cartilage was only found in areas of pannus-invaded cartilage. Enzyme digestion of the cartilage sections prior to the immunohistochemical staining did not expose YKL-40 staining in the extracellular matrix. The presence of YKL-40 in the pericellular matrix or extracellular matrix can not be excluded, since YKL-40 may be bound in a way that prevents its detection or the protein may be present in too low a concentration to be detected by our antibody. Unfortunately, we did not have the opportunity to obtain 'normal' cartilage from non-arthritic knee joints. In a recent study of arthritic and normal cartilage of hip joints 10 we showed that chondrocytes from normal cartilage were, in general, YKL-40 negative. The finding is in accordance with the studies of Hakala et al. 1 and Connor et al. 11 , demonstrating no YKL-40 mRNA expression by normal human chondrocytes. A few of the studied arthritic knees showed no signs of synovial inflammation; nevertheless, the synovial fluid YKL-40 level was higher compared to normal knee joints. The observations may indicate that chondrocytes of the arthritic cartilage contributes to the high level of YKL-40 in synovial fluid of the knee joints from patients with RA and OA. The findings are in accordance with our previous reported hypothesis that YKL-40 may play a role in cartilage remodeling in arthritic joints 10 . COMP, a non-collagenous glycoprotein belonging to the heterogeneous family of thrombospondin 30 was originally isolated from cartilage. COMP levels in synovial fluid and serum may be related to cartilage damage [31] [32] [33] . However, COMP cannot be regarded as a cartilage-specific protein, since it is also found in tendon, meniscus, cruciate ligaments [34] [35] [36] and is secreted in vitro by synovial fibroblasts 35 . In-situ hybridization has shown expression of COMP mRNA in the synovial sublining cells of inflamed synovium from patients with RA. 35 In contrast to YKL-40, the COMP expression was not detected in CD68 positive cells of the synovial membrane, but restricted to fibroblasts. 35 In the present study serum, but not SF COMP levels were significantly higher in patients with OA compared with patients with RA. A quantitative analysis of the amount of articular cartilage was not performed in our study. However, the inverse relation between the synovial fluid levels of YKL-40 and COMP and GAG may indicate that the release of YKL-40 from the cartilage is inferior to the release of YKL-40 from the synovium. We found a significant difference between the SF ratios YKL-40/COMP in RA patients with moderate to severe synovial inflammation compared to RA patients with none to slight synovial inflammation. A trend towards higher concentrations of YKL-40 in synovial fluid in patients with RA and moderate to severe synovial inflammation compared with none to slight inflammation was found. However, the difference was not significant. The significant difference in the ratio YKL-40/ COMP between the two groups of synovial inflammation in RA patients may be due to the YKL-40 levels corrected for the influence of variable amounts of synovial fluid present in the different joints by estimating the values of connective tissue markers as ratios.
Neutrophils are important in the pathogenesis of RA 37, 38 . These cells comprise more than 90% of the cells in the synovial space of joints from patients with active RA and have a turnover rate of more than a billion cells per day in an inflamed knee joint 39 . The neutrophils are also present at the cartilage-pannus junction and can release proteases and biologically destructive oxidative products that can damage cartilage and fibrous tissue, resulting in joint damage [39] [40] [41] [42] . YKL-40 is present in the specific granules of neutrophils and is exocytosed in vitro upon activation 14 . In the present study we found that hCAP-18, another protein exocytosed from the specific granules of neutrophils, showed a trend towards highest levels in the patients with moderate to severe synovial inflammation of the knee joint, but there were only a few patients in each group (N=4 and N=5) and no statistical difference was achieved. These observations and the fact that the different organelles of the Values are given as percentage of the number of sections with a given score in relation to the total of number of sections evaluated. Score 0=all cells negative (0%); score 1=few cells positive (1-25%) ; score 2=a considerable number of cells positive (25-75%); score 3=most/all cells positive (75-100%). neutrophils are exocytosed in a strict hierarchy 41 , suggest that some of the YKL-40 present in the synovial fluid from patients with moderate to severe synovitis originates from neutrophils in the joint. However, the ratios between YKL-40 and the other granule proteins of neutrophils in the synovial fluid were all higher as compared with the ratios that were calculated by results from a recent study where the granule proteins were mobilized from neutrophils in suspension in response to stimulation 14 . This finding indicates that synovial fluid YKL-40 also originates from sources other than neutrophils.
In the present study we used two different methods 3, 15 to determine the YKL-40 levels in synovial fluid and serum. We do not know if the two antibodies used in the ELISA method recognize the same epitope on the YKL-40 antigen as recognized by the polyclonal antibody used in our in-house YKL-40 RIA. We found a good correlation between YKL-40 determined by the two methods. There was, however, a difference between the exact levels of YKL-40. This may be explained by differences in the calculation of the standard used in the two assays.
RA is a polyarticular disease. Correlations between concentrations of components in synovial fluid and serum therefore reflect changes in the global amount of synovial fluid and synovial tissue. The positive correlations between serum YKL-40 and YKL-40 in the synovial fluid of the knee joints accords with the dominating knee joint synovitis in the present study and the quantitative dominance of synovial tissue in the knee joint. The ratios of YKL-40 in synovial fluid to serum did not differ between patients with RA and OA reflecting the non-specific nature of joint inflammation. The synovial fluid concentrations of YKL-40 are determined by the release of YKL-40 to the synovial fluid, as well as by the clearance of YKL-40 from the joint cavity, which is unknown so far. Intraarticular glucocorticoid injection was followed by a decrease in clinical signs of synovitis and a decrease of serum YKL-40. Similarly, a clinical relapse of the knee synovitis was accompanied by an increase in serum YKL-40. The findings demonstrate that local synovitisderived YKL-40 influences serum YKL-40. Similar results were found for serum PIIINP though the values returned to baseline earlier than the values of YKL-40 did. The mechanism by which glucocorticoid influences YKL-40 production is unknown. The changes in serum YKL-40 were positively correlated with changes in the serum levels of PIIINP, CRP and ESR, though following a somewhat different course. When the synovial membrane is inflamed, the synthesis as well as degradation rate of type III collagen is increased 43 . PIIINP is a marker of type III collagen synthesis and is synthesized and secreted by synovial cells 44 . We found high concentrations of SF PIIINP in patients with RA, which probably reflect an increased turnover of type III collagen in the inflamed synovium. The positive correlation between YKL-40 and PIIINP supports the assumption that YKL-40 in part originates from the inflamed synovial membrane. CRP and ESR, the gold standards of biochemical assessment of the disease activity in RA, are produced in the liver by the hepatocytes and are thus an indirect measure of joint inflammation. By contrast, serum YKL-40 is a more direct measure of joint inflammation. Future studies may reveal the potential of serum YKL-40 to provide new information on disease activity and pathophysiology of the synovitis in RA.
In conclusion, our study showed that YKL-40 was detected in the inflamed synovial membrane and the number of YKL-40 positive cells was related with the degree of synovial inflammation. Apart from YKL-40 derived from the synovial membrane, YKL-40 derived from articular cartilage and neutrophils in the synovial fluid may contribute to SF YKL-40. A relationship exists between YKL-40 in serum and synovial fluid with approximately 15-fold higher levels in synovial fluid. Intraarticular glucocorticoid injection, inducing remission in joint inflammation, was followed by a decrease in serum YKL-40. The findings are consistent with a local release of YKL-40 in the arthritic joint influencing serum YKL-40. Assessment of serum YKL-40 may provide new and direct information on the local disease activity as well as on the pathophysiological processes in the arthritic joint. Values are given as median scores number of sections evaluated and ranges. The location numbers are presenting the topographical locations of the knee joint for the cartilage samples (see Fig. 1 ). 
